Background/Aims: To evaluate intra-and intersession correlation of Impedance
Introduction
Human pregnancy is characterised by major cardiovascular adaptations, such as plasma volume expansion, reduced vascular resistance and increased heart rate [1] .
Maladaptation of the cardiovascular system plays a significant role in the pathophysiology of pre-eclampsia, a disease associated with significant morbidity and mortality for both mother and child. It has been reported that cardiac contractility is altered in preeclampsia compared to normal pregnancy [2] [3] [4] [5] [6] . Current methods to evaluate cardiovascular (mal)adaptation during pregnancy have not gained popularity because of their invasive nature [7] [8] [9] or the lack of required expertise [10] .
Impedance cardiography (ICG) is designed for non-invasive measurement and monitoring of cardiovascular parameters on a beat-to-beat basis. ICG enables a continuous parallel registration of multiple parameters in a single session [11] [12] [13] . Good correlation between diurne-and position-challenged ICG measurements was reported in healthy non-pregnant subjects, especially when mean values of multiple measurements were used for each parameter [14] .
We evaluated intra-and intersession correlation of ICG measurements for 22 cardiovascular parameters with a third generation device after orthostatic challenge and between morning-and afternoon-sessions in women with uncomplicated third trimester pregnancy, women with pre-eclampsia and cardiovascular diseased patients.
Materials and Methods
Approval of the local ethical committee was obtained before study onset (MEC ZOL reference: 09/050). Three populations of each ten randomly selected subjects were included: pregnant women in normal third trimester gestation (UP) presenting at the antenatal clinic of the department of obstetrics and gynaecology in Ziekenhuis OostLimburg, Genk, Belgium, and women with pre-eclampsia (PE) admitted to the Unit for Fetomaternal Medicine in the same hospital. A third group of critically-ill cardiology patients, admitted to the cardiovascular intensive care unit (CV) was also included as a reference and control group. PE was defined according to standard criteria [15]: gestation induced hypertension > 140/90 on at least two occasions 6 hours apart, in combination with > 300 mg proteinuria per 24 hours.
Data collection
The ICG system used in this study is the Non-Invasive Continuous Cardiac Output During the sessions, ICG values were recorded every two seconds, and blood pressure was taken automatically every two minutes. Per position, blood pressure was measured twice. Data were collected over a timespan of one minute after the second blood pressure value was depicted on the screen. These values were neither influenced by the blood pressure measurement itself nor the movements during change in position.
Data were exported from the monitor into a database: for every position during each session, one value for pressure parameters and 30 values of other parameters were eligible for analysis. 
Statistical analyses

Results
Patient characteristics of the three study populations are enlisted in Table 1 Table 3 represent inter-and intrasession Pearson's correlation coefficients (PCC). The contractility parameters acceleration index, velocity index and heather index consistently showed PCC ≥ 0.80 in the three groups. This was also true for thoracic fluid content and -index in healthy and pre-eclamptic pregnant women, but not for cardiovascular patients (PCC ≥ 0.60). For time periods heart rate and heart period duration, and all volume parameters, PCC was higher in cardiovascular patients (≥ 0.80) than in both healthy and pre-eclamptic pregnant women (< 0.60). For other parameters, PCC was < 0.6 on at least one occasion.
Discussion
Measurements by ICG are reliable as they correlate highly with standard methods [17] [18] [19] [20] [21] [22] , however imprecise ICG in severely ill patients was reported [13;23]. In healthy nonpregnant subjects, we observed that position-induced changes of ICG measurements are independent from the time of day for time period, volume, contractility and thoracic impedance [14] . We also found that reproducibility of ICG measurements was much better when mean values of multiple measurements were used for each parameter [14] .
Non-invasive assessment of the cardiovascular system and cardiac contractility is relevant to explore maternal gestational adaptation mechanisms, as well as background mechanisms behind cardiovascular diseases. We used the same study protocol as reported [14] to evaluate ICG measurements in uncomplicated pregnancy, during preeclampsia and in cardiovascular disease.
As shown in Table 2 and Table 3 , inter-and intrasession correlation was high for contractility parameters and thoracic fluid content in normal pregnancy and preeclampsia. This was different from patients with cardiovascular disease, where correlation coefficient for these parameters were lower. Thoracic resistance parameters TFC and TFCI also showed high reproducibility in normal and pre-eclamptic pregnancy (Table 2 and Table 3 ). TFC is a measure of total thoracic fluid content, both intra-and extracellular, which can be measured reliably with ICG Intra-but even more intersession correlation for blood pressure parameters was variable.
Diurnal variation for maternal blood pressure has been reported, together with diurnal variation for heart rate [31]. For time periods and volume parameters, intra-and intersession correlation coefficients were lower in pregnancies than in cardiology patients (Table 2 and Table 3 ) and in healthy subjects [14] . This may relate to the pregnancyassociated inability to regulate heart rate and blood pressure in response to postural alterations [32;33], and increased gestational variability of heart rate and blood pressure From the data presented in Table 2 and Table 3 , we conclude that ICG measurements of cardiac contractility and thoracic fluid content using a third generation device in healthy and pre-eclamptic pregnant women correlate well after diurnal-and position-induced challenge. Because normal and pathologic change of cardiac contractility has been reported during pregnancy, our results open perspectives to implement impedance cardiography as a non-invasive method to study (mal)adaptation of cardiac contractility in normal pregnancy and in pre-eclampsia. 
